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© A method for the production of amino resin. 

@ The invention relates to a method for the production of a 
resin which is used for manufacturing of an adhesive for 
cellulose based products. According to the method 30-70 <fc by 
weight of a urea phenol resin with a molar ratio of 1 A - 0.6 moles 
of urea, 0.006 - 0.3 moles of phenol and 0-0.04 moles of 
melamins per mole formaldehyde, are mixed with 70 - 30 <W> by 
weight of a me (amine resin with a molar ratio formaldehyde : 
melamine of 1 .7 - 2.4. The urea-phenol resin has been prepared 
by adding a cross-linking agent containing a co-condensate of 
phenol, formaldehyde and urea to a p re-condensate of 

£j formaldehyde, urea and optionally melamine and condensing 

^ under acid conditions. 

t ^ According to a further embodiment the cross-finking agent is 
SB added to a evaporated condensate of formaldehyde, urea and 
optionally melamine. 
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Description 

A method for the production of amino resin 

The present Invention relates to a resin for the production of an adhesive for cellulose based products and 
to a method for production of the resin. The invention also relates to a process for the production of glued 
5 wood products. 

At the production of wood products, for example particle board, wood fibre board, plywood etc, binders 
based on amino resins are usually used and, among these, mainly urea-formaldehyde resins. It Is well known 
that the release of formaldehyde, originating from the amino resin adhesives, from glued wood products 
causes serious problems. Authorities in different countries have made the limits for the level of formaldehyde 

10 in living environments severer. Since a great amount of structural elements consist of glued construction 
materials these restrictions makes the production of adhesives with lower formaldehyde emission necessary. 
The producers of adhesives have made great efforts to reduce the formaldehyde emission. Several patents 
and patent applications disclose different production processes for amino resins of varying compositions, 
which processes are said to give resins which give a low release of formaldehyde at gluing and from the 

15 finished products. The EP patent application 190068, for example, relates to a process for the production of an 
amino resin based adhesive for wood products with low release of formaldehyde. The process relates to 
condensation of the components formaldehyde, urea, melamlne and phenol In several stages. In a fixed 
sequence. 

For conventional urea-formaldehyde resins it is necessary that the molar ratio urearformaldehyde is kept 

20 higher than about 1 :1.2 in order to achieve a satisfactory strength of the finished wood products. It Is known 
that a lowered molar ratio between formaldehyde and urea (F/U) gives a decreased formaldehyde emission 
from board materials glued with pure UF-resins. However, it is also known that this leads to other 
disadvantages of the finished board material, for example an Increased swelling, Impaired strength properties 
and, in certain cases, an increased brittleness. Manufacturers of particle board have noted that these 

25 adhesives are more susceptible to variations In the production conditions, eg Increased moisture content of 
the chips, that longer press times are required, that there Is risk of drying out of glued chips and also that an 
increased glue addition often is required. 

An important factor resulting In these disadvantages at low molar ratios is a decreased degree of 
cross-linking. At lower molar ratios resins do. to a certain extent, begin to become more and more linear in 

30 their structure, compare novo lacs of phenol resins. 

It Is known to use melamine to cross-link such resins. By increasing the degree of cross-linking of the resin, 
the swelling of boards glued with such resins will decrease and the strength will increase. 

Several resins are made with an addition of phenol to the urea-formaldehyde resin to improve the properties. 
The additions are generally large and are usually made together with a large part of melamine. These resins 

35 consist mainly of a mixture of urea-formaldehyde resin and phenoMormaldehyde resin, although the phenol Is 
added during the reaction process. This is due to the fact that urea and phenol will only react with substantial 
yields if certain conditions are fulfilled. A co-condensation of phenol, formaldehyde and urea Is only obtained if 
methylol phenol is reacted with an excess of urea at an acid pH. If a mixture of urea and phenol is reacted with 
formaldehyde, no substantial yield of a co-condensate is obtained either at an acid or alkaline pH. Nor Is there a 

40 co-condensation when methylol urea Is reacted with an excess of phenol at different pH values. At an alkaline 
pH the methylol group is dissociated from the methylol urea. The obtained formaldehyde is added to the 
phenol which then condensates with itself. At an acid pH the self-condensation of the urea is the dominating 
reaction. The reaction between urea and methylol phenol has been confirmed by 13 C-NMR. 
It has now been found that this so-called phenol/urea co-condensate with its free amide- and methylol 

45 groups more simply, and In a better way, makes it possible to react a phenol. In derivattzed form, into a 
pre-condensate consisting mainly of formaldehyde and urea and optionally a smaller amount of melamine. 

The present invention thus relates to a method for production of a resin with a low molar ratio between 
formaldehyde and urea which will give wood products with a satisfactory moisture resistance and with a low 
formaldehyde emission at the production of the glued wood products and from finished such products. 

50 The process for the production of the resin is evident from the patent claims. 

One component of the resin consists of a condensation product of formaldehyde, urea and phenol. It Is 
prepared from a pre-condensate of formaldehyde and urea. A cross-linking agent Is added to the 
pre-condensate and the cross-linking agent contains a co-condensate of phenol and urea or methylol phenol 
and urea. By addition of this reagent an increased degree of cross-linking is obtained despite a low molar ratio 

55 (F/U). The strength properties of the glued wood products are increased In comparison with a resin having the 
same molar ratio (F/U) but without cross-linking reagent. Also other, above mentioned, disadvantages are 
minimized/eliminated. To further reduce the swelling of finished board materials smaller amounts of melamine 
can be present in the resin, which increases the cross-linking of this. When melamlne Is present it is Included 
in the pre-condensate. 

60 The addition of the phenol/urea cross-linking agent Is made in the process step wherein the resin shall be 
condensed, ie at an acid pH. The mentioned cross-linking agent can thus also be co-reacted. The process can 
be described by the following diagram: 
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Even whan the cross-linking agent is added In the form of methylol phenol and corresponding amount of 
urea as In the phenol/urea co-condensate above, the addition Is made In the process step wherein the resin 
shall be condensed, ie at an acid pH. The reaction between methylol phenol and urea to a cross-linking reagent 
occurs at the same time during the condensation process for the urea-formaldehyde resin. The urea reacts 
preferentially with the methylol phenol. This process can be described by the following diagram: 



30 
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Resin produced in the above described manner and with this cross-ilnklng reagent obtains Improved proper 
ties. The gel time and the gelling process become more distinct (rapid hardening). A melamine formaldehyde 
resin is added to this resin and thereby a resin mixture, suitable for production of adhesive for manufacturing 
of moisture resistant wood products for exterior use, is obtained. Boards produced with this resin mixture will 
get a lower swelling and an Increased strength, above all a satisfactory wet strength and a satisfactory 
dimension stability, compared with a resin without a cross-linking agent. The formaldehyde emission is as low 
as for corresponding resins of low molar ratios, ie tt fulfills the German E1 requirement £ 10 mg CH2O/IOO g 
particle board. 

According to a further embodiment of the Invention a cross-linking agent in the form of a phenol/urea 
co-condensate or a methylol phenol Is added after the evaporation of the condensed urea (metemlne) 
formaldehyde reaction mixture, I.e. to the finished urea (melamine) formaldehyde condensate. In this method 
the additions of urea are carried out in the same way as above. I.e. to the condensation step and after that. At 
addition to this finished condensate, the acid conditions which the cross-linking agent needs to react, are 
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obtained by addition of the acid hardener to the resin. At the production of particle boards, the acid particles 
also contribute to the acid environment. When hardening the resin in the board, the methylol phenol is able to 
react with free urea present in the resin and is able to be reacted into the resin. The process can be described 
by the following diagram: 
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This process has certain industrial and technical advantages compared with the two other processes. It has 
surprisingly been found that in spite of this method allowing for a very short time of reaction of the 
cross-linking agent and In spite of that this reaction is not carried out with a pre-condensate of urea and 
formaldehyde, but with a more condensed urea-formaldehyde condensate, very good properties of the boards 
manufactured with this resin are obtained. The boards win get as good strength properties and as low 
emission of formaldehyde as boards manufactured with resin produced according to the first described 
processes. However, somewhat inferior swelling properties are obtained. 

The Invention also relates to the use of methylol phenol or phenol/urea co-condensate, prepared according 
to the above, as cross-linking agent, at an acid pH, for urea formaldehyde condensates, which optionally 
contain melamine. , . % c , . . . 

If the process with addition of the cross-linking agent to the finished urea (melamine) formaldehyde 
condensate is used when producing the resin, the cross-linking agent can be added to the melamine resin in 
stead of to the finished condensate. 

At the production of resin according to the present invention a pre-condensate of urea and formaldehyde, 
and optionally a minor amount of melamine, is first prepared by a methylolisation step. Methylolisation step is 
intended to mean addition of formaldehyde to urea, melamine and phenol, respectively, for formation of 
methylol monomers. The molar ratio urea/formaldehyde is 0.15 to 1 mole of urea/mole formaldehyde suitably 
0 25 to 0 75 and preferably 0.3 to 0.4. The mole ratio melamlne/formaldehyde Is 0 to 0.04. suitably 0.006 to 0.027 
moles of melamine/mole formaldehyde. The reaction is carried out at a temperature of from 75 to 90 C and at a 
pH of from 8.0 to 8.6, preferably from 8.2 to 8.4. . ... n - 

The cross-linking agent in the form of a phenol/urea co-condensate is produced by methylolisation of 
phenol at a pH of from 8.5 to 9.0, preferably form 8.7 to 8.9 and at a temperature of from 50 to 70 C. Urea is 
then added and the temperature raised to 70 to 90° C and the reaction Is allowed to take place at a pH of from 4 
to 6, preferably from 4.7 to 4.9. The molar ratio phenol/formaldehyde is from 3.3 to 0.1 , preferably from 0.3 to 
0.7 moles of phenol/mole formaldehyde and the molar ratio urea/phenol is 1 to 10, preferably 35 to 6.5 moles 
of urea/mole phenol. M _ . . . . c . - 

This cross-linkf ng agent is added to the pre-condensate and the pH is adjusted to 4 to 7, su.teblyto 4 5 to 5 5 
and preferably to 4.8 to 5.0 and the condensation takes place at 75 to 85°C to a suitable >rfscos^ The viscosity 
varies depending on the concentration of the formaldehyde and the viscosity which is desired by the user of 
the resin The viscosity Is usually within the range of from 200 to 1500 mPa.s at 20" C. A suitable viscosity at 
formaldehyde of 5CWto can be from 200 to 250 mPa.s. The reaction is stopped by raising he pH to 7 5 to8£ 
Further urea is then added for post-methylollsation in a known manner. The molar ratio in .tf. finaJ res£ wll be 
1 .4 to 0.6 moles of urea/ mole formaldehyde, suitably 1 .05 to 0.9 and preferably 0.97 to 0 93. 0 to 0.04 motes ; of 
melamine/mole formaldehyde, suitably 0.006 to 0.027. 0.006 to 0.3 moles of phenol/mole formaldehyde, 
suitably 0.02 to 0.2, preferably 0.041 to 0.2. . mothA/t _, 

Alternatively the foHowing are added to the precondensate, a cross-linking agent .n he 
phenol (prepared with a molar ratio of 3.3 to 0.1, preferably 0.3 to 0.7. moles oi phenol/mote *ormaJdervde) 
anr^paraiely. 1 to 10. preferably 3.5 to 63 moles of urea (per mole of phenol). The reaction is carried out as 
above and the obtained resin has the same molar ratio as above. mDthftric 

At the production according to the third method a similar pre-condensate as in the two ^""hodsb 
prepared To this pre-condensate 1 - 10 mofes of urea (calculated per mole of phenol) are added, preferably 
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3.5- 6.5 moles. The reaction is then carried out in the same way as earlier. After evaporation of the condensate 
a cross-linking agent in the form of methylol phenol (prepared with the same mole ratio as above) is added to 
the condensate. When phenol/urea co-condensate (prepared in the same way as above and thus containing . 
1 - 10 moles of urea) is used as cross-linking agent a part of the urea which Is added for post-methylollsation is 
redistributed. A part of that urea Is added to the pre-condensate, whereafter the condensation is carried out In 5 
the same way as earlier. The resin mixtures prepared in this way win get the same final molar ratio as the earlier 
prepared resins. 

The me lamina formaldehyde resin which is mixed with the urea phenol resin Is prepared in a conventional 
manner with a molar ratio formaldehyde : melamine of 1 .7 - 2.4, preferably 1 .8 - 2.1 . 30 -70 per cent by weight of 
the melamine resin are mixed with 70 -30 per cent by weight of the urea-phenol resin. 10 

At the production of particle board with the present resins conventional production processes are used. The 
originally very moist chips are dried to such a dry content that the total moisture content after the addition of 
the adhesive does not exceed the critical limit for steam blister. To decrease the susceptibility to moisture a 
hydrophoblng agent is added such as a mineral wax or a natural or synthetic paraffin wax. If desired known 
formaldehyde binding agent, such as urea, can be added together with the hydrophoblng agent. When the dry 15 
chips have been glued they are pressed at press temperature of about 185 to 220° C. The amount of added 
adhesive is normally between 7 and 12 per cent dry resin based on the weight of dry chips. A conventional 
hardener is used, such as ammonium chloride, ammonium sulphate, suitable Inorganic and organic acids. The 
press times are in the range of from 8 to 12 s/mm particle board. The Invention Is illustrated In the following 
examples. 20 

Example 1. 

Preparation of the urea-phenol resin 
Methylolisation step: 

A reaction mixture of 4386 g of 50 PA) formalin Is reacted with 1462 g of urea and 1 13 g of melamine. At the 
addition, the temperature is about 50° C. The temperature of the reaction mixture Is raised to 80° C, the pH Is 
adjusted to 8.2 - 6.4. 

The reaction is carried out for 20 minutes. The mole ratio Is then lowered by addition of 390 g of urea. The 30 
reaction Is then allowed to go on for another 15 minutes. 

% Condensation: 

To the above reaction mixture an earlier prepared phenol/urea co-condensate Is added as a cross-linking 
f agent (after 35 minutes) and the pH Is adjusted to 4.8 - 5.0. 35 

t The reaction mixture is allowed to condense at 78°C until a viscosity of 230 - 250 mPas (25°C) Is obtained. 

The reaction is stopped with sodium hydroxide (pH - 7.5 - 8.0) and 1836 g of additional urea Is added. The 
resin solution is evaporated and cooled to room temperature. 
The mentioned phenol/urea co-condensate is manufactured according to the following method: 
1 20 g of 50 Qfo formalin , 94 g of phenol and 1 00 g of water are added to a flask. The pH Is adjusted to 8.7 - 8.9 40 
and the temperature is kept at 60° C for 60 minutes. 300 g of urea and 150 g of water Is then added to the 
methylol phenol. The temperature Is raised to 80° C and the reaction time Is 60 minutes at pK 4.7 - 4.9. 

Preparation of melamine resin 

5698 g of 39 tW) formaldehyde are added at 25° C and at a pH of 7.8 - 8.6. Then 4286 g of melamine are added, 45 
whereafter the temperature Is raised rapidly to 90 - 92°C and the pH Is kept at 8.8 - 9.1. The reaction mixture Is 
allowed to condense until a water tolerance of 1 :1.2 at 25° C Is reached. The solution is cooled rapidly and the 
pH is adjusted to 9.4 - 9.7. 

57 per cent of this melamine resin are mixed wtth 43 per cent of the phenol-urea resin, whereby a resin 
suitable for production of moisture resistant particle boards for exterior use is obtained. SO 

Example 2. 

Preparation of urea-phenol resin 

— ^ 

Methylolisation step: 

A reaction mixture of 10.750 g of 50% formalin Is reacted with 3597 g of urea. At the addition the 
temperature is about 50° C. The temperature of the reaction mixture is raised to 80°C, the pH Is adjusted to 
8.2 - 8.4. 

The reaction is carried out for 20 minutes. Then the mole ratio Is lowered by addition of 960 g of urea. The 60 
reaction Is allowed to continue during another 15 minutes. 

Condensation 

2370 g of an earlier prepared methylol phenol are added together with 735 g of urea as a cross-tinklng agent 
to the above reaction mixture (after 35 minutes) and the pH Is adjusted to 4.8 -5.0. 65 
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The reaction mixture Is allowed to condense at 78°C until a viscosity of 230-25C I mPas (JS°C) Is obtained 
The reaction is stopped with sodium hydroxide ( P H = 7.5 - 8.0) and 4508 g of additional urea Is added. The 

'Ih^meXeTmeW 
5 • ?h. PH is adjusted to 8.7 - 8.9 and the temperature Is 

k6 % percent* *e™.ne resin from example 1 is mixed with 55 per cent of this 

«m7reby a resin suitable for the production of moisture resistant particle boards for exterior use Is obtained. 

10 Example 3. 

Methvlolisatlon step: 
The methylollsatton step Is carried out In the same way as In example 1. 

15 ^Wo^a and 150 g of water are added to the reaction mixture (F/U - 2.0). The pH of the reaction 
m^re 9 is ow^e'to AS - 5.0. The temperature is raised to about 80°C and the conde mjritarn. 
on to a viscosity of about 300 320 mPas (25°C). The reaction is then stopped with £d^hydrodde 
teH -76-80) ind 2148 g of additional urea are added. The condensate Is evaporated to 65 W. Mm 

20 e^rattont^cross-llnkingagentrnethylolphenol (314g) (F/P =2.0) Is added and the resin solution is finally 

^£ZTJSZ££» -in from exampie 1 are mixed wHh 43^r cent 

whereby a resin suitable for production of moisture resistant part.de boards for exterior use is obtained. 

25 Example 4. 

Urea/phenol co-condensate Is added after evaporation. 

to the methylol phenol. The reaction mixture fs allowed to react at 80° Cfor 60 minutes at pH 4.7 - 4.9. 
Parallel to this the other resin component is prepared according to the following: 



30 



35 Methylolisation step: 

Is carried out in the same way and with the same amounts as in example 1. 



40 



45 



C To^rea^ 

from the last urea addition and the pH Is lowered to 4.8 - 5.0. The reaction mixture is =° n fe n sed according to 

Sonal urea is added 2148-300 g. The resin is evaporated to such a dry content jhat at •"HonoMta 
separately prepared phenol/urea co-condensate (764 g), the dry content will be about 65 <Vo In the finished 

rB % per cent of the melamlne resin from example 1 am mixed with 

whereby a resin suitable for the production of moisture resistant particle boards for exterior use is obtatnea. 



SO Claims 

1 A method for the production of a resin which Is used for manufacturing an adhesive for cellulose 

^^^^ 

metm^a P c e ro n s°« agent containing "•^"T^ 

~n?e^^^^ 

b) a meiamine resin prepared by condensing melam.ne and formaldehyde wttn a moiar ra 
«.HS2£ : ffl^ 7 «?n* which is used for manufacture an adhere for ce..u,ose 
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urea, or containing as well a co-condensate of phenol and formaldehyde as urea, whereby the final 
molar ratio of the resin will be 1 .4 - 0.6 moles of urea, 0.008 - 0.3 moles of phenol and 0 - 0.04 moles of 
melamine per mole formaldehyde, are mixed with 70 - 30 <Vb by weight of 

b) a melamine resin prepared by condensing melamine and formaldehyde with a molar ratio 
formaldehyde : melamine of 1 .7 - 2.4. 

3. A method according to claim 1 or 2, characterized in that the cross-linking agent Is prepared with a 
molar ratio of 3.3 - 0.1 moles of phenol/ mole formaldehyde and 1-10 moles of urea/ mole phenol at a pH 
of 4 - 6 and a temperature of 70 - 90° C. 

4. A method according to claim 3, characterized In the cross-finking agent Is prepared at a pH of 4.7-+.9. 
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® The invention relates to a method for the pro- 
duction of a resin which is used for manufacturing of 
an adhesive for cellulose based products, According 
to the method 30-70 % by weight of a urea phenol 
resin with a molar ratio of 1.4 - 0.6 moles of urea, 
0.006 • 0.3 moles of phenol and 0 - 0.04 moles of 
mefamlne per mole formaldehyde, are mixed with 70 
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ratio formaldehyde : melamine of 1.7 - 2.4. The urea- 
phenol resin has been prepared by adding a cross- 
linking agent containing a co-condensate of phenol, 
formaldehyde and urea to a pre-condensaie of form- 
Co aldehyde, urea and optionally melamine and con- 
^densing under acid conditions. 

According to a further embodiment the cross- 
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